Background: The maintenance of gingival health around orthodontic fixed retainers (FRs) is difficult and different designs have been proposed. Objective: The goal of this systematic review was to analyse whether FR designs that allow unobstructed interproximal flossing, compared with the ones that do not, improve gingival parameters. Search methods: Detailed individual database search strategies for Cochrane Library, 'Latin' American and 'Caribbean' Health Sciences Literature, PubMed, Scopus, and Web of Science were developed. Grey literature was also considered. Selection criteria: Clinical trials and cross-sectional studies that compared two types of FRs (plain and waved) were included and evaluated. Data collection and analysis: Study selection, data extraction, and risk of bias (RoB) assessment were performed individually and in duplicate. The methodology quality was assessed using the MAStARI RoB tool. Results: Four studies met the inclusion criteria, and all presented moderate RoB. While two of those studies found a statistically significant difference in gingival parameters, the other two did not report differences. A meta-analysis was conducted based on two of the selected studies, which performed evaluations of plaque index (PI) and calculus index (CI). The results revealed no differences on PI between wave FR and plain FR of 0.46 (0.24 to 0.69) and no differences on CI of 0.12 (−0.10 to 0.33). Regarding comfort, no clear differences were identified. Conclusions: There is not enough scientific evidence to support or not an association between FR design and gingival health, flossing frequency, or patient comfort. Registration: PROSPERO -CRD42016030059.
Introduction
Lingual/palatal fixed retainers (FRs) have been used since 1973 (1) after active orthodontic treatment to maintain anterior dental alignment (2, 3) . These FRs are bonded to the lingual/palatal surface of the anterior teeth with the expectation of avoiding relapse caused by either an anterior component of force (4, 5) or a residual mandibular growth (6, 7) . The major advantage of this technique, when compared with removable retainers, is the lack of need of patient compliance for its use, except for the need for more detailed oral hygiene around the retainers (8, 9) . The most common disadvantage is the probability of more plaque and calculus accumulation related to poor hygiene, caused by compromised access to the area and difficulties in interproximal dental flossing (10, 11) .
Regarding FRs and periodontal health, the following four points have been previously discussed: 1. FRs lead to more plaque and calculus accumulation (8, (11) (12) (13) (14) (15) (16) (17) ; 2. plaque accumulation around FRs facilitated periodontal tissue complications (8, 11, 12, 18) ; 3. FR type influences periodontal complications (17) ; and finally, 4. that the extent of time with FR is more important than the type of wire used (8) . The possible damage to periodontal tissues directly caused by FRs can be measured by plaque and calculus accumulation, bleeding on probing (BOP), gingival recession (GR), gingival crevicular fluid volume (GCFV), pocket probing depth (PPD), loss of attachment, and/or decrease in bone level (3, 11, 14, (18) (19) (20) .
Over the years, different types/designs of FRs have been proposed aiming to reduce periodontal complications (11-13, 21, 22) . Because of the common use of FR after orthodontic treatment, several studies have been performed to study their effects on periodontal conditions. There is still controversy regarding which FR type is better to minimize periodontal complications. Furthermore, a few systematic reviews (SRs) have already been written about FRs (23) (24) (25) ; those SRs covered areas such as failure rates, dental caries predisposition, and amount of relapse. However, even among those that measured periodontal condition, the evaluation of FR designs that allowed or did not allow for unobstructed interproximal flossing to improve gingival parameters around them were not assessed in detail.
Therefore, the aim of this SR was to synthesize the available literature answering the following focused question: 'Among individuals that are using FRs after orthodontic treatment, is there a difference in gingival parameters, brushing frequency, and/or patient's comfort between FR designs that allow or do not allow for unobstructed interproximal flossing?'
Material and methods
This SR followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analysis checklist (PRISMA) (26) . The protocol was registered at the International Prospective Register of Systematic Reviews, PROSPERO -CRD42016030059 (27) .
Eligibility criteria
The following selection criteria were applied: 1. Participants: orthodontic patients (adults and adolescents) with lingual/palatal FR. 2. Interventions: patients with wave fixed retainer (WFR) types (prepared with vertical gingival bends that allow unobstructed interproximal dental flossing). 3. Comparison: patients with plain fixed retainer (PFR, which obstruct free interproximal dental flossing). The selection was completed in two phases. In phase 1, titles and abstracts of all identified electronic database citations were independently screened by two reviewers; the studies that did not appear to fulfil the eligibility criteria were eliminated. In phase 2, the same eligibility criteria were applied to the full text of selected studies by the same reviewers. A third reviewer was consulted and disagreements were solved by consensus, in both phases.
Data items and collection process
One author collected the required information from the selected studies. The accuracy of the information collected was cross-checked by a second author. Again, any disagreements were resolved by discussion and mutual agreement between the authors. The third author was involved, when required, to make a final decision.
The information collected consisted of study characteristics (authors, year of publication, country, and study design); population characteristics (total sample and age, number of cases, and controls); intervention characteristics (FR type design and material); outcomes [gingival parameter analysis using any of the following gingival indexes: plaque index (PI), calculus index (CI), BOP, gingival index (GI), GR, PPD, and GCFV]; and results (main reported findings related to the research question).
Risk of bias in individual studies
The methodological quality of the observational selected studies was evaluated using the Meta Analysis of Statistics Assessment and Review Instrument (MAStARI) from the Joanna Briggs Institute (28) . Risk of bias (RoB) was categorized as high when the study reached up to 49 per cent score 'yes', moderate when the study reached 50 per cent to 69 per cent score 'yes', and low when the study reached more than 70 per cent score 'yes'. Two reviewers scored each item and assessed independently the quality of each included study. Disagreements between both reviewers were resolved by a third reviewer.
Summary measures
Continuous and ordinal measures (gingival parameters, analysis of FR comfort, and frequency of brushing and flossing) were evaluated. The association between gingival status and FR type was the main outcome.
Synthesis of results
A meta-analysis was planned within the studies presenting adequate data. To answer whether there is a difference in gingival parameters (PI and CI) between WFR and PFR designs, a meta-analysis was performed with aid from the 5.3.5 version of the Review Manager software (Nordic Cochrane Centre, Copenhagen, Denmark) for continuous data following the appropriate Cochrane Guidelines. Inverse variance was the statistical method used, and mean difference was the measure effect used. On analysis model, fixed or random effect was based on heterogeneity values. Heterogeneity was calculated by inconsistency indexes (I 2 ), and a value greater than 50 per cent was considered an indicator of substantial heterogeneity between studies. A choice for fixed effect was selected based on the identified I 2 values. The significance level was set at 5 per cent.
RoB across studies
Publication bias was not assessed following Cochrane guideline recommendation (29) . This systematic review included less than 10 selected studies; a reduced number of studies could lower the power of the test to distinguish real asymmetry through funnel plots.
Results

Study selection and study characteristics
During the initial search, 698 different citations were identified across the 5 electronic databases. After removing the duplicate articles, 487 studies remained. After a comprehensive evaluation of the titles and abstracts (phase 1), only 17 articles were deemed potentially useful, and they were selected for phase 2 assessment. An additional 60 citations from Google Scholar, 14 from ProQuest, and 1 from OpenGrey were read, but none were considered appropriate for phase 2 assessment. No additional study, which might have been inadvertently missed by the search procedures, was identified after further reviewing the reference list of the included studies. From these remaining 17 studies, 13 were subsequently excluded (3, 8, 9, (14) (15) (16) (17) (18) (19) (20) (30) (31) (32) per Supplemental Figure 2 . Thus, only four studies (11) (12) (13) 21) were retained for the final review aimed to answer the focus stated question. Figure 1 presents a flow chart of the systematic process.
The selected studies were from Brazil (12, 13, 21) and the USA (11). One study was CS (11) , while the other three were nonrandomized controlled trial (CTs) (12, 13, 21) . They evaluated a total of 120 patients, 84 females and 46 males with a mean age of 18 years. Different GIs were reported: PI (11-13, 21), GI (11-13), PPD (11), CI (11-13), BOP (11), GR (11), and GCFV (11) . In the CS study (11) , the FRs were evaluated after 2 to 4 years of bonding, while in the CTs (12, 13, 21) they were evaluated after 6 months of bonding. Table 1 presents a summary of each study descriptive characteristics.
RoB within studies
The selected studies were homogeneous, and all studies (11) (12) (13) 21) presented moderate RoB. More information about the RoB of included studies can be found in Table 2 (summarized assessment) and Supplemental Figure 3 (detailed assessment).
Results of individual studies
Corbett et al. (11) compared the gingival health of maxillary and mandibular anterior teeth retained with two types of FRs (WFR and PFR). The results showed that there was no clinically or statistically significant difference between groups regarding PI, GCFV, CI, GR, BOP, and PPD. An increase in the frequency (P = 0.006) and ease of flossing (P < 0.001) was associated with the WFR group, but there was no difference between groups in the reported frequency of brushing and retainer comfort. In summary, they concluded that there was no clinical difference in the gingival health of anterior teeth retained with a PWR or WFR assessed 2 to 4 years after insertion.
Shirasu et al. (12) compared gingival parameters after the use of two types of FRs (WFR and PFR). The results showed that PI and GI were higher in WFR (P < 0.05) in the proximal and lingual surfaces, as CI in the proximal surface (P < 0.05) and along the wire modified (P < 0.05). The patients related best hygiene and comfort with PFR. The authors concluded that PFR was better than WFR in regard to selective periodontal parameters.
Lukiantchuki et al. (13) compared two types of orthodontic FRs in relation to gingival parameters. Participants were evaluated using WFR and a plain multistranded FR at two different times. The subjects used one FR type for 6 months and after an interval of 15 days (wash off period) used the other FR for 6 months as well. Gingival status was measured with PI, GI, CI, calculus accumulation around wire, and with a questionnaire about the use, acceptance, and comfort of FRs. The PI was statistically higher (P < 0.05) on lingual and total areas for WFR. The GI values were statistically higher (P < 0.05) only on lingual for WFR. The CI values of total surfaces were statistically higher (P < 0.05) for WFR. Regarding comfort and hygiene, most patients preferred the PFR for both situations, even though there was an additional need for more complicated interproximal dental flossing. The authors concluded that the multistranded FR was a better choice than the WFR.
Nishi et al. (21) compared the periodontal parameters of the conventional and modified FR designs in only one retainer per patient (one half had a plain design, while the other half had a wave design). They concluded that there was no difference between the retainers for PI and GI. Participants preferred the wave retainer because of its facility regarding the oral hygiene and dental floss but felt the PFR was more comfortable.
Synthesis of results
The analysis of the four studies that compared PFR and WFR showed controversial results. One CS study (11) , with moderate RoB, did not find any differences that were statistically significant for PI and GI. Two CT studies (12, 13) , with moderate RoB, found more PI and GI in WFR with a statistically significant difference (P < 0.05). In contrast, the other CT (21), with moderate RoB, did not find any differences. In addition, the CT studies (12, 13, 21) reported that patients considered that PFR provided them with more comfort. Only one study (12) related more difficult flossing for the WFR group.
A meta-analysis was conducted based on two (12, 13) of the selected studies, which performed evaluations of PI and CI for WFR and PFR. One study (21) was not used because the sample consisted of patients with a modified FR and only one experimental group and other (11) was not used because it is a CS study. The heterogeneity between the studies ranged from 6 per cent for PI (Z = 4.03; P < 0.0001) and 0 per cent for CI (Z = 1.06; P = 0.29), therefore a fixed model was chosen. The results from this meta-analysis revealed no differences on PI between WFR and PFR of 0.46 (0.24 to 0.69) and no differences on CI of 0.12 (−0.10 to 0.33; Figure 2 ).
RoB across studies
Due to the small number of included studies, further assessment of RoB (i.e. publication bias) across studies was not supported.
Discussion
The use of FRs to maintain anterior teeth alignment after active orthodontic treatment is a well-established practice. In addition, the factors that tend to cause crowding relapse are presented throughout life. Different FR designs have been proposed over the years. The present SR was performed to investigate the potential improvement of periodontal parameters with the use of different FR designs: WFR compared with PFR.
Although the literature reports a vast number of investigations about orthodontic FRs, only four studies (11-13, 21) satisfied the inclusion criteria. One of them (11) is a CS, because this SR is not restricted to CT studies.
There is controversy regarding the use or not of FR from the periodontal point of view. In a study by Artun (8) , subjects without FR presented more plaque and calculus than patients with FR. In contrast, César Neto et al. (18) and Levin et al. (19) concluded that the use of FRs is worse to periodontal parameters than no use at all.
Some studies compared the type of wire used and some of them found that there is no difference in periodontal parameters between round and multistranded wires (8, 9, 17) . However, Al Nimri et al. (16) pointed out that multistranded wires cause an increase in plaque accumulation. Heier et al. (15) compared removable retainers and FRs and found that both presented an increase in plaque and calculus.
Among the four articles selected for final analysis, two (12, 13) observed that PFR was better than PI and GI and the other two (11, 21) found that there was no difference. This discrepancy could be explained by factors such as sample size and sampling. The CT studies (12, 13, 21) presented a small number of subjects (n = 15, n = 12 and n = 19, respectively) and this may have produced sampling bias.
Among the included studies, Shirasu et al. (12) reported higher variances on plaque and calculus between control and experimental There was NSS difference between groups regarding PI, GCFV, CI, GR, BOP and PPD. An SS increase in the frequency (P = .006) and ease (P < 0.001) of flossing was associated with the WFR group. There was NSS in frequency report of brushing and comfort.
No clinical difference was found in the periodontal health of anterior teeth between groups for a period of 2 to 4 years. Subjects in the WFR group reported an increase in frequency and ease of flossing.
Shirasu et al. (12) PI and GI were higher in WFR (P < 0.05) in the proximal and lingual surfaces, as CI in the proximal surface (P < 0.05) and along the modified wire (P < 0.05). The patients preferred the comfort of PFR.
PFR presented better results than the WFR in accordance with established periodontal parameters
Lukiantchuki et al. (13) (2011) Brazil CT 12 18-23 12 WFR 12 PFR The patients were measured on two different occasions with different retainers for PI, GI, CI, and calculus accumulation around wire and answered a questionnaire about use, acceptance, and comfort.
PI was higher SS (P < 0.050) on lingual and total areas for WFR. The GI values were higher SS (P < 0.050) only on lingual for WFR. The CI values of total faces were higher SS (P < 0.050) for WFR, as in around wire
The PFR retainer is a better treatment choice than the WFR one groups. These results agree with previous studies (8, 17) . One hypothesis is that this happened because the control group used a PFR made with round wire and bonded only on canines, while the experimental group used a WFR that presented bends and consequently used greater length of wire tending to retain more plaque and calculus (13) . Furthermore, in WFR, all teeth were bonded and the bends were close to gingival papilla presenting some retentive areas that could turn difficult the tooth brushing and the biofilm disorganization (12) . Previous studies found that multistranded FRs tend to accumulate more plaque than PFR (16) and that bonding to all anterior teeth also retains more plaque when compared with bonding only to canines (9, 17, 29) . Therefore, it can be argued that in the Shirasu et al. study (12) , the control group had the best conditions to minimize adverse effects on periodontal health.
In contrast, another included study (13) used a PFR made of multistranded wire and bonded on all anterior teeth in the control group. The control group had potentially two conditions, type of wire and bonding areas, which lead to more plaque and calculus accumulations and which may have influenced the observed difference between groups. Furthermore, both studies (12, 13) were performed on dental students, which provided different sampling than for other studies. This fact raised our attention because the outcomes should be considered carefully, as these participants/students would likely have more attention to oral health care than laypeople.
Two studies (11, 21) included in this SR did not find differences between groups in regard to plaque and calculus. Two factors can explain the results for the Corbett et al. (11) study: first, the control group used multistranded wire, which, as mentioned before, tends to accumulate more plaque than a simple round wire as used by Shirasu et al. (12) and Nishi et al. (21) ; second, all anterior teeth were bonded, which complicates oral hygiene compared to bonding only on canines, like Shirasu et al. (12) . Furthermore, one study (11) presented a higher retention follow-up period. All patients used the retainers for at least 2 years and with a maximum of 4 years, so it may be that over a long retention period, any group can show similar levels of plaque and calculus accumulation compared to studies (12, 13) with shorter follow-up times (e.g. 6 months).
In addition to that, it could be suggested that the initial motivation of the patient to follow-up adequate oral hygiene may fade. This again can explain differences between groups evaluated over different time spans.
Nishi et al. (21) also suggested no differences using a unique study design. In this study, all patients used the same modified retainers-one half was a wave design from one lower central incisor to the closest canine, while another half had a plain wire from the other lower central incisor to the other canine. All teeth were bonded on both sides. No differences between designs were reported.
Patients' preference in relation to hygiene and comfort between the two retainer types were also explored. Regarding comfort, patients preferred the PFR design, but in relation to hygiene-interproximal dental flossing-the WFR design was preferred.
Limitations
When the literature is critically analysed, some methodological problems are detected in studies that evaluate the periodontal condition and different types of retainers. None of the included studies evaluated the type of toothbrush and toothpaste used or dexterity differences between patients.
Patient compliance is an important factor that should be evaluated when FRs and oral hygiene are investigated. The CS study (11) evaluated long-term patients using FRs. Included patients received instructions on how to improve oral hygiene a long time before the periodontal evaluation, while in CT studies (11) (12) (13) , the patients were oriented immediately before retainer bonding started. These different procedures could affect the final results.
It has been mentioned before that in two studies (12, 13) presenting statistically significant differences between the two types of FRs, the samples consisted of dental undergraduate students, which likely take special care with and are more compliant with their own oral hygiene.
One of the limitations of the included studies was the absence of randomization and blinding. Besides this, the moderate RoB and the small number of studies that compare the two types of retainers have to be considered. The heterogeneity of wires and bonding types, the reduced sample sizes, and limited follow-up times were important limitations.
Another sampling limitation may have been the lack of a standardized oral health motivational program.
Conclusion
There is not enough scientific evidence to support or not an association between FR design and gingival health, flossing frequency, or patient comfort. 
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